The effect of proton pump inhibitors (PPI) in Asian functional dyspepsia (FD) patients has not been well established as in Western countries. DA-9701, a novel prokinetic agent, stimulates gastric emptying and modulates visceral hypersensitivity in vivo and in human studies. This study was conducted to compare the efficacy of DA-9701 with a conventional PPI in mono or combination therapy in patients with FD.
Introduction
Dyspepsia is a common disease that accounts for ~5% of patients who visit their primary health care provider and functional dyspepsia (FD) accounts for 60-80% of all patients with dyspepsia. 1, 2 Pathophysiological mechanisms of FD may be multifactorial and remain to be fully elucidated, although widely recognized mechanisms are gastroduodenal dysmotility, gastroduodenal acid exposure, visceral hypersensitivity, autonomic/central nervous system dysfunction, Helicobacter pylori infection, and psychosomatic factors. 3, 4 Standard management of FD has not yet been established and satisfactory pharmacotherapy is also unavailable. Anti-secretory drugs, such as proton pump inhibitors (PPIs), have been evaluated extensively for FD therapy despite little evidence that acid is involved in the development of FD. Cochrane meta-analysis revealed that the average dyspepsia cure rate (no or minimal symptoms) to PPI therapy was 34%, which was significantly higher compared to 25% in the placebo. Based on this result, 10 participants (95% confidence interval [CI], 7-33) would need treatment with PPI to cure one case of FD that would not have been cured by placebo. 5 This meta-analysis included the studies from 1998 to 2006, and the placebo effect in the analysis of PPI efficacy was relatively lower than that in the analysis of prokinetics (47%) or histamine 2 receptor antagonist (40%). 5 PPIs are well tolerated, and the incidence of adverse effects is relatively low with short-term use. However, there are several recent reports on the possible adverse events related to the long-term use of PPIs, such as community acquired pneumonia, Clostridium difficile infection, hip fracture, or hypomagnesemia. 6 Therefore, the development of safer and more effective drug for FD is needed. Prokinetic drugs, especially cisapride, are the most effective therapy for dyspepsia. The Cochrane review showed that the response rate by dichotomous global dyspepsia outcome was 57% compared to 47% in the placebo arm with 6, the number that would need treatment to be effective for dyspepsia. 5 However, most studies in this meta-analysis were based on cisapride drug trials with significant heterogeneity. Furthermore, cisapride has been taken off the market due to serious adverse cardiac events, and prokinetic agents such as metoclopramide, erythromycin, and tegaserod have little or no established efficacy and often, substantial side effects. 7 In a recent open-label, randomized controlled trial with prokinetics compared to PPI in Asia, significant symptom relief was achieved in 50.6% of the PPI group and 47.9% of the prokinetics groups, and therapeutic responses between the 2 groups were not different. DA-9701 (Motilitone) is a newly formulated prokinetic agent obtained from vegetal extracts of Pharbitidis semen and Corydalis tuber, used as traditional treatments for their analgesic and antiulcer effects. 9 In animal studies, DA-9701 improved the symptoms of FD by accelerating gastric emptying, promoting gastric accommodation, and modulation of visceral hypersensitivity through the antagonistic action at 5-hydroxytryptamine (HT) 3 or dopamine (D) 2 receptors, or agonistic action at the 5-HT 4 receptor. [10] [11] [12] The aim of this study was (1) to investigate the efficacy of DA-9701 on improvement of FD symptoms compared with PPIs and (2) to evaluate the additive effect of DA-9701 over PPI treatment alone. This study was conducted with a multicenter, double-blind, randomized, parallel-comparative phase IV study to compare the efficacy and safety of DA-9701 monotherapy with mono or combination therapy of pantoprazole.
Materials and Methods

Study Design and Intervention
This clinical trial was conducted at 20 tertiary hospitals in Korea. The study protocol was approved by the Ethical Review Committee at each institute, and written informed consent was obtained from all participants. This trial was registered with Clinical-Trials. gov (number NCT01817465).
Patients
Male and female patients >20 years of age who had FD were enrolled. FD was defined by Rome III criteria as patients with one or more symptoms of epigastric pain or soreness, postprandial fullness, or early satiation for the past 3 months with symptom onset at least 6 months prior to diagnosis; no evidence of structural disease that was likely to explain symptoms; no organic lesion detected by endoscopic examination.
Exclusion criteria were patients who had taken other investigational products within 1 month of the study, previous major abdominal surgery (except appendectomy and hysterectomy), patients who had an active or healing stage peptic ulcer in the last 6 months, reflux esophagitis of Los Angeles classification A-D grades, histories of stomach cancer, esophageal cancer, pancreatitis, pancreatic cancer, inflammatory bowel disease, or biliary tract disease except asymptomatic cholelithiasis, patients who had typical symptoms of gastroesophageal reflux symptoms at least once a week, or irritable bowel syndrome. Further exclusion criteria can be found at ClinicalTrials.gov (number NCT01817465).
Randomization and Investigation
Randomization of this study was conducted the day before the initiation of clinical trial using the PLAN procedure contained in SAS ver. 9.2 (SAS Institute, Cary, NC, USA). A block randomization method was applied to each institution and the seed assigned on the basis of when date randomization was conducted. Concealed allocation was assured using an encrypted code by Clinical Research Organization (C&R Research Inc, Seoul, Korea). Eligible patients were assigned to 3 groups: 30-mg DA-9701 t.i.d (means 3 times a day), 40-mg pantoprazole, and 30-mg DA-9701 t.i.d + 40-mg pantoprazole. Three groups were allocated on the basis of the probability of 1:1:1. The appearance, packing, and labeling of the DA-9701, pantoprazole and each placebo tablet were identical to maintain blinding to investigators and patients. One tablet of pantoprazole or pantoprazole placebo was taken daily before breakfast, and 1 tablet of DA-9701 or DA-9701 placebo was taken 3 times per day before a meal for 4 weeks. Drug compliance was assessed by counting the returned unused tablets at each clinic visit and an intake of over 80% of the prescribed study medication was acceptable.
During the study period, other gastric motility regulators, histamine H 2 receptor antagonists, other PPIs, non-steroidal antiinflammatory drugs, anti-cholinergics, erythromycin, adrenocortical hormones, anti-depressants, or other investigational drugs were prohibited, except low-dose aspirin for cardiac disease. H. pylori infection was detected by rapid urease test or urea breath test.
Efficacy Assessment
The primary efficacy end-point was a global symptom assessment. Subjects evaluated the drug effects after 4 weeks of administration using a 5-Likert scale (symptom-free, markedly improved, moderately improved, slightly improved, not improved or deteriorated) and binary outcome (yes/no response). Treatment success was defined as a response of "yes" on the binary outcome survey or "symptom free, or markedly improved symptoms or moderately improved" on the 5-Likert scale.
Secondary efficacy end-points were defined by the response rates, the difference of each score and total score of FD symptoms, the difference in dyspepsia-specific quality of life (QOL) outcomes, the symptomatic relief according to the subtypes of FD, ie, epigastric pain syndrome (EPS) and postprandial distress syndrome (PDS). A response was defined as > 50% reduction in the total score calculated by multiplying frequency by the intensity of 4 main symptoms based on the participant's diary entries. The total score was defined as the sum of the average of each FD symptom score. Nepean dyspepsia index Korean version was used to measure the dyspepsia-specific QOL. 13 
Safety Assessment and Determination of Sample Size
Treatment-emergent events and adverse drug reactions were reported at each institution every 2 weeks after randomization for 4 weeks. The safety set was a group of subjects who took the investigational product at least once after randomization and underwent safety-related follow-up. All analyses, including evaluation of demographic information, efficacy, and safety, were carried out a two-tailed test with the significance set at P < 0.05 using the SAS software (Enterprise Guide 4.3; SAS Institute, Cary, NC, USA). Normality tests were conducted on all continuous variables and results compared using a paired t test, analysis of variance, Wilcoxon signed rank test, or Kruskal-Wallis test depending on whether the data were normally distributed. Categorical data variables were analyzed using Chi-square test or Fisher's exact test.
For estimating the necessary number of subjects, a general evaluation improvement rate was assumed to be 60% in the DA-9701 monotherapy group, 50% in the pantoprazole monotherapy group, and 70% in the DA-9701 + pantoprazole combination group, based on a previous study. 9 The number of subjects was calculated on the assumption of a 5% significance level (a, two-sided), 80% test power (1-b), and assigned the same number of subjects to 3 groups. This calculation determined that 347 subjects were needed for analysis. Assuming a 10% withdrawal rate, a total of 387 subjects was needed for the study, with 129 subjects in each group.
Results
Study Population
This study was conducted from August 2012 to March 2014. A total of 389 participants were randomized after screening 433 subjects and excluding 44 subjects. There were 131 patients in the DA-9701 group, 131 patients in the pantoprazole group, and 127 patients in the DA-9701 + pantoprazole group enrolled in the study. Finally, 115 subjects (87.8%) in the DA-9701 group, 109 subjects (83.2%) in the pantoprazole group, and 108 subjects (85.0%) in the DA-9701 + pantoprazole group completed the study ( Fig. 1 ).
Demographic and Baseline Characteristics Before Administration
There were no statistical differences in gender, age or body mass index among the administration groups. The ratio of positive H. pylori infection was 33.3% in the DA-9701 group, 35.4% in the pantoprazole group and 37.8% in the DA-9701 + pantoprazole group. There were no differences in demographic information and baseline characteristics among the 3 groups (Table 1) . Postprandial fullness was the most common presenting symptom and the proportion of FD subtypes by Rome III criteria was not different among the groups.
Global Symptomatic Relief
The global symptom improvement rate at week 4 using the 5-Likert scale as the primary endpoint was 60.5% in the DA-9701 group, 65.6% in the pantoprazole group, and 63.5% in the DA-9701 + pantoprazole group (Table 2) . However, there was no significant difference among the 3 groups (P = 0.685). The global group, dropout (n = 4), exclusion criteria (n = 2), deviation of standard for drug compliance (n = 7), and deviation of randomization (n = 1); for pantoprazole group, dropout (n = 5), deviation of standard for drug compliance (n = 12), deviation of randomization (n = 1), and taking prohibited drugs (n = 4); for DA-9701 + pantoprazole group, dropout (n = 4), exclusion criteria (n = 1), deviation of standard for drug compliance (n = 10), and taking prohibited drugs (n = 3). F/U, follow-up.
symptom improvement at week 2 after administration was achieved in 49.6% in the DA-9701 group, 53.4% in the pantoprazole group, and 47.6% in the DA-9701 + pantoprazole group (P = 0.637, Table 2 ). Also symptom improvement measured by binary outcome was significantly achieved in each of the 3 groups, but there were no significant differences among the 3 groups at week 4 ( Table 2 ). The response rates at week 4 were 69.0% in the DA-9701 group, 78.0% in the pantoprazole group and 66.1% in the DA-9701 + pantoprazole group, however, there was no statistical difference among 3 groups (P = 0.111). The rate of adequate relief, as evidenced by patient diary, was 58.7 ± 28.1% in the DA-9701 group, 64.6 ± 26.9% in the pantoprazole group, and 59.2 ± 27.2% in the DA-9701 + pantoprazole group after 4 weeks of administration, which again was not statistically different among the 3 groups (P = 0.134).
Individual Symptom Relief
Patients in all 3 treatment groups reported significant improvement from the baseline in individual symptoms of FD as assessed by daily diary during treatment. Epigastric pain scores were significantly decreased in the 3 groups at 2-4 weeks after administration in comparison with before administration (-2 week to 0 week) (DA-9701 group: -1.6 ± 3.4, pantoprazole group: -1.3 ± 2.8, DA-9701 + pantoprazole group: -1.1 ± 3.5; P < 0.001) ( Table 3) . The epigastric soreness score, early satiety score, and postprandial fullness score showed statistically significant decrease in each of the 3 groups, but there were no significant differences among the 3 groups. This analysis was conducted in the intention-to-treat set and results were compared using a Chi-square test for comparisons among 3 groups.
Changes in Dyspepsia-specific Quality of Life
Dyspepsia-related QOL markedly improved in all 3 groups at 4 weeks in comparison with the baseline (QOL change from baseline; DA-9701 group, 20.4 ± 17.2; pantoprazole group, 19.9 ± 15.1; DA-9701 + pantoprazole group, 19.3 ± 16.6; P < 0.001). There was also significant improvement in the QOL 2 weeks after administration in all 3 groups; however, there were no differences in the QOL among the 3 groups at 2 and 4 weeks after administration (Table 4) .
Symptomatic Relief According to the Subtypes of Functional Dyspepsia
The proportion of symptomatic improvement in PDS at 4 weeks was 60.4% in the DA-9701 group, 66.7% in the pantoprazole group, and 61.2% in the DA-9701 + pantoprazole group using the 5-Likert scale. Improvement in EPS was 70.0% in the DA-9701 group, 57.1% in the pantoprazole group and 41.7% in the DA-9701 + pantoprazole group. The symptomatic improvement rate of subjects with overlap in the EPS and PDS groups was 66.0% in the DA-9701 group, 73.7% in the pantoprazole group, and 70.2% in the DA-9701 + pantoprazole group. In FD subtypes, there were no statistically significant differences among the treatment groups (Table 5) .
Symptomatic Relief According to the Helicobacter pylori Status
A total of 35.5% of patients (137/389) were H. pylori-positive. Among the H. pylori-positive group, the proportion of symptomatic improvement using the 5-Likert scale was significantly higher in the pantoprazole alone or combination therapy group compared with the DA-9701 alone group (Chi-square test among the 3 groups, P = 0.023; Bonferroni-Holm's step-down between DA-9701 and pantoprazole, P = 0.025) (Fig. 2) . However, there were no differences in the symptom improvement rate among the 3 groups in the H. pylori-negative population. 
Safety Assessment
Treatment-emergent adverse events were reported by 17.8% in the DA-9701 group, 16.8% in the pantoprazole group, and 11.9% in the DA-9701 + pantoprazole group (Table 6 ). The most frequently reported adverse events were nausea, diarrhea, and vomiting of mild severity. There were no deaths during the study and no clinically significant cardiovascular events. A serious adverse event was reported by 1 patient in the DA-9701 + pantoprazole group who was admitted because of acute cholecystitis. In that case, we did not find any causality associated with the drug.
Discussion
Treatment of FD remains a challenge. A meta-analysis reported that prokinetics, such as cisapride, were the most effective drug in dyspepsia with dichotomous outcome measurement (relative risk reduction 33%, 95% CI 18-45%). 5 However, the studies were highly heterogeneous, and cisapride has been withdrawn from the Symptomatic relief according to the Helicobacter pylori status. In the H. pylori positive group, the symptom improvement rate was significantly higher in the pantoprazole and DA-9701 + pantroprazole group than that in DA-9701 group. However, this difference was not detected in the H. pylori-negative group. The Chi-square test was performed among the 3 groups and Bonferroni-Holm's step-down was used for comparison within each group. market because of cardiac toxicity. Despite early promising results, newly developed prokinetics did not show the definitive symptom improvement in FD. [14] [15] [16] DA-9701 is a newly developed prokinetic agent obtained from the vegetal extracts that improves gastric emptying with visceral analgesic effects. [10] [11] [12] The present randomized controlled study showed that DA-9701 was not inferior to 40-mg pantoprazole. The combination of DA-9701 and pantoprazole did not have an additive effect on the improvement of FD symptoms compared with monotherapy of DA-9701 or pantoprazole, as measured by the primary and secondary study end-points. In the present study, we excluded subjects with dyspepsia accompanied with GERD to avoid the misclassification bias in the efficacy of PPIs in GERD patients. DA-9701 produced highly effective relief for all symptom endpoints, and about 60% of patients in all 3 treatment groups achieved resolution of dyspeptic symptoms at week 4, and about 50% of patients achieved symptom relief within 2 weeks. These results are compatible with a previous study. Hsu et al 8 reported similar symptom improvement (~50%) with 30-mg lansoprazole and mosapride in 329 patients with FD. PPIs are one of the most extensively investigated drugs in FD. Although mixed results have been observed in individual studies, meta-analysis revealed that PPIs were significantly more effective than placebo for treating patients with FD, with a 10.3% reduction in relative risk of dyspeptic symptoms. 17 In a large randomized controlled study (n = 1262), omeprazole was modestly superior to placebo in a dose-dependent manner. 18 In this study, complete symptom relief was achieved in patients with ulcer-like and refluxlike dyspepsia, but no benefit was seen with dysmotility-like dyspepsia. Modulation of gastric acid secretion is a possible explanation for efficacy of PPIs in FD. The majority of FD patients have normal acid secretion, 19 however, acid suppressive therapy provides symptomatic relief. In FD patients, duodenal acid infusion provoked nausea, but not in healthy volunteers and duodenal acidification decreased the gastric accommodation by duodeno-gastric reflex.
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Also 24-hour ambulatory duodenal pH monitoring demonstrated the increased duodenal acid exposure in FD. 20 These studies suggest that the acid-hypersensitivity in duodenum might explain the efficacy of PPIs in subset of FD patients. Interestingly, the therapeutic gain of PPIs is changed based on H. pylori infection. Blum et al 21 reported that the efficacy of omeprazole was only evident in the H. pylori-positive subgroups. Thus, the anti-secretory effect of PPIs might be enhanced in H. pylori infection. These results were reproduced in the present study.
In the H. pylori-positive group, pantoprazole was more effective than DA-9701, but this difference was not detected in the H. pylori-negative group. The previous study reported that a disturbance in gastrin releasing peptide-stimulated acid secretion was detected in 50% of patients with FD, and the increased gastrin releasing peptide-relating acid secretion was frequently found in H. pyloriinfected patients with FD compared to H. pylori-positive healthy controls. 22 There are few studies directly comparing the efficacy of PPIs and prokinetics in Asia. Hsu et al. 8 reported that the efficacy of PPI was similar to prokinetics in patients with FD according to the Rome III criteria after 2 weeks of treatment. In another study of The co-administration of PPI and prokinetics is commonly prescribed for patients with FD and is frequently recommended by clinical guidelines, although the efficacy has been questioned. The present study documented that combining DA-9701 with PPI provided no additional amelioration of dyspeptic symptoms compared with PPI or prokinetics alone. This finding might be the first report of the efficacy of prokinetic and PPI combination therapy in terms of direct comparison with prokinetic or PPI monotherapy. Limited studies have been performed in patients with non-erosive reflux disease combined with dyspeptic symptoms. 24 In this study, mosapride and omeprazole combination therapy did not improve reflux symptom or esophageal secondary peristalsis. In another study in Japan, combination with acotiamide and esomeprazole was effective in 18 of 23 FD patients (78%) refractory to PPI monotherapy. However, the sample size was small and there was no control arm in this study. 25 We observed that the response rate to mono-or combination therapy of DA-9701 or PPIs was not different between the subtypes of FD according to the ROME III criteria. This finding is consistent with the previous studies. 9, 26 Another previous study reported that the complete symptom relief was achieved similarly by PPIs among the FD subgroups; ie, ulcer-like, dysmotility-like, reflux-like, and unspecified dyspepsia. 27 Further clinical investigations are urgently needed to assess the utility of FD subgroups defined by the Rome III criteria in clinical study and practice. This study had several limitations. The population did not include an adequate number of H. pylori-positive patients to prove efficacy according to FD subtypes, there was an insufficient duration to assess the long-term efficacy, and an insufficient validation of the response to understand the clinical significance. Secondly, we did not perform a gastric physiologic study such as the gastric emptying test. Improving gastric emptying or accommodation seems to be an attractive therapeutic target in patients FD. In a recent study with DA-9701 in healthy volunteers, pre-treatment with DA-9701 significantly increased gastric emptying. 28 DA-9701 enhances gastric emptying via D 2 antagonism and 5-HT 4 agonism. 29 Thirdly,
another limitation was the lack of a placebo arm in this study. In Asia, there is some controversy over PPIs' efficacy in FD because a few available studies reported heterogeneity in methodologies and results with a small sample size. 30 In conclusion, treatment with DA-9701 for up to 4 weeks significantly improved global and individual symptoms and increased dyspepsia-specific QOL compared to before treatment in patients with FD. The efficacy of DA-9701 monotherapy was comparable with pantoprazole, and there was no additive effect with combination of DA-9701 and pantoprazole in patients with FD.
